We compared growth simulations by dynamic energy budget (DEB) and scope for growth (SFG) models of the Pacific oyster Crassostrea gigas, cultivated in Bourgneuf Bay on the French Atlantic coast. This bay is located at a latitude in the middle of the European range of the species, and is characterized by high concentrations of suspended particulate matter (SPM) and a marked gradient between high-turbidity sites in the north (daily SPM > 500 mg L -1 ) and intermediate-turbidity sites in the south. The models use two forcing variables: seawater temperature and food density. We tested two indices of food availability: chlorophyll a and microalgal concentrations. In the SFG model, food intake is simulated by a type-II Holling functional response, as in the DEB formulation, and the effect of turbidity in both models is therefore taken into account principally through the half-saturation coefficient for this functional response. Chlorophyll a concentrations were three to four times higher at the high-turbidity site, but oyster growth rates were significantly lower at this site than at the intermediate-turbidity site. A comparison of observed and simulated values showed that the DEB model performed better than the SFG model if microalgal concentration was used as an index of food availability, with the SFG model underestimating oyster growth in summer and autumn. However, the SFG model was much more efficient if chlorophyll a concentrations were used, with the DEB model systematically overestimating summer and autumn growth. This comparison suggests that both SFG and DEB simulations could be improved, to give a more accurate description of oyster growth in a turbid environment, and that the pre-ingestive selection mechanisms used by suspension feeders in turbid environments should probably be included in the formulation of feeding processes.
Introduction
Models simulating the growth of suspension-feeding bivalves are cognitive tools for improving our understanding of the functioning of shellfish ecosystems dominated by aquaculture. This knowledge is crucial if we are to develop relevant management strategies for optimizing production and limiting the impact on the environment (Raillard and Ménesguen, 1994; McKindsey et al., 2006; Cugier et al. 2010 ). These models may also be useful for assessing the invasion of northern European estuaries by feral oysters, which form large, dense reefs (Cognie et al., 2006; Troost, 2010) .
Energy budget models for bivalves are based on the modeling of ecophysiological processes and energetics in response to environmental variation. There are various types of energetic models, generally classified as "net production" or "scope for growth" models and "assimilation" or dynamic energy budget (DEB) models (e.g. van der Meer 2006). In the last decade, DEB models (Kooijman, 2010) have increasingly been developed, for various species (van der Veer and Alunno-Bruscia, 2006; van der Veer et al., 2006) , according to the theory developed by Kooijman (2010) . The DEB theory has been successfully applied to the modeling of growth and reproduction in the Pacific oyster Crassostrea gigas (Pouvreau et al., 2006; Ren and Schiel, 2008; Bourlès et al., 2009; Alunno-Bruscia et al., submitted, this issue) , one of the principal shellfish cultivated worldwide (FAO, 2004) .
In previous versions of the Pacific oyster-DEB model, feeding processes were described purely in terms of ingestion and assimilation (Pouvreau et al., 2006; Ren and Schiel, 2008; Bourlès et al., 2009 ). These models did not consider pre-ingestive feeding processes, such as particle selection, which is a characteristic physiological response of suspension-feeding bivalves, associated with pseudofeces production (Ward et al., 1997; Beninger et al., 2008) . Pseudofeces production, which is essentially associated with the retention of inorganic particles on the gills, has been modeled according to DEB theory (Kooijman, 2006) , but the resulting complex formulation has yet to be incorporated into more recent versions of the oyster-DEB model (Bourlès et al., 2009) . In their present formulation, oyster-DEB models do not consider particulate inorganic matter (PIM) as a forcing variable, even in estuarine environments (Grangeré et al., 2009) . PIM is not explicitly used in the DEB model, but its effect is integrated into the half-saturation coefficient, X k , which describes food ingestion through the functional response f (Kooijman, 2010) . Pouvreau et al. (2006) suggested that this coefficient was site-specific, varying with seston load and food quality and/or quantity (see also Alunno-Bruscia et al., submitted, this issue) . A net production model based on the scope for growth (SFG) concept (Bayne 1976) has been developed for C. gigas by Barillé et al. (1997a) . This SFG model was developed from empirical relationships describing feeding processes and resource allocation, through the use of allometric relationships. In this study, we modified the SFG model for C. gigas significantly, in several ways. The formulation of feeding was simplified to take into account criticisms concerning overparametrization (van der Veer and Alunno-Bruscia, 2006 ) and a new formulation made use of the functional response f from the DEB model, to describe the relationship between environment and ingestion rate. With this formulation, we tested the same forcing variables in the two models. The effects of turbidity were considered only implicitly, through the X k parameter and absorption efficiency. Classical SFG energy allocation, which assumes that the net production (assimilation-respiration) is immediately available for growth and reproduction, was also modified, as described by Brylinsky and Sephton (1991) , with the addition of a reserve-gonad compartment acting as a buffer. Finally, reproductive physiology was reformalized on the basis of fine-scale temporal data for oysters in Bourgneuf Bay (Dutertre et al. 2009 (Dutertre et al. , 2010 . In this study, we compared simulations of growth obtained with the DEB and SFG models for 18-month diploid Pacific oysters reared at two sites in Bourgneuf Bay, an important oyster-farming area on the western Atlantic coast of France, corresponding to the middle of the range of latitudes over which C. gigas is found in Europe. This bay is a highly turbid macrotidal ecosystem in which the concentrations of suspended particulate matter frequently exceed the physiological thresholds triggering a change in feeding responses in C. gigas (Barillé et al., 1997b) . Moreover, this oyster-farming site is characterized by low growth rates (Barillé-Boyer et al., 1997) and is confronted by a problem of decreasing yields due to the proliferation of feral oysters (Dutertre et al., 2010) .The new version of SFG model tested here, modified from that of Barillé et al. (1997a) , is presented in more detail than the DEB model, which was fully described by Bourlès et al. (2009) . We tested two indices of food availability in this study: chlorophyll a concentration (in µg L 
Materials and methods

Study area and experimental data
Two experimental oyster-farming sites were selected in Bourgneuf Bay (Fig. 1) , which is located on the French Atlantic coast and is characterized by a marked gradient of SPM concentration (Dutertre et al. 2009 ). The northern high-turbidity (HT) site, La Coupelasse (47° 1' 34.7''N, 2° 1' 55.9''W), is an intertidal mudflat in which more than 44% of the total weight of sediment is accounted for by particles with a diameter of less than 44 µm, and which supports a high microphytobenthic biomass (Méléder et al., 2003) . The southern intermediate-turbidity (IT) site, Graisselous (46° 57' 2.6''N, 2° 7' 53.4''W), is characterized by a sand-mud bottom in which less than 10% of the total weight of sediment corresponds to particles with a diameter of less than 44 µm. In February 2005, 18-month-old hatchery-born oysters were placed in plastic mesh bags (250 individuals per bag), which were then tied to oyster racks 60 cm above the bottom, at both experimental sites. Over a period of one year (Feb. 2005 -Feb. 2006 ), we collected 30 randomly selected oysters per month, or per fortnight from May to September, at the HT and IT sites, for the identification and quantification of spawning events. The same sampling plan was followed during the next year, with a new batch of 18-month-old hatchery-born oysters installed in February 2006 at the IT and HT sites. Soft tissues were freeze-dried for 48 h and weighed to obtain the dry tissue mass (g). Dry tissues were then processed for biochemical determinations (lipids, carbohydrates, proteins; see Méléder et al. (2001) for the methods used). In 2005 and 2006, seawater temperature, SPM and chlorophyll a concentrations were recorded at 15-minute intervals, with multi-parameter water quality probes (YSI 6600) fixed below the oyster racks, at both the HT and IT sites (see Dutertre et al., 2009 for details) . In model simulations, chlorophyll a concentration was compared with microalgal concentration, with a view to identifying the most reliable index of the quantity of food available. The total number of microalgal cells was determined by microscopic examination of seawater samples collected twice monthly at a western low-turbidity (LT) site of Bourgneuf Bay, Bois de la Chaise (Fig.  1) , through a phytoplankton monitoring network (REPHY IFREMER, Quadrige database, 2005; .
SFG and DEB models
SFG model
The SFG model used in this study was derived from that developed by Barillé et al. (1997a) to simulate Pacific oyster growth in Marennes-Oléron Bay (France), a turbid shellfish ecosystem. We modified the structure of this model in terms of feeding processes and energy allocation (Fig. 2) . Comparison of this SFG model with the DEB growth model for C. gigas (Bourlès et al. 2009 ) was facilitated by changing the forcing variables of the SFG model: food density, estimated by chlorophyll a concentration or microalgal concentration, and seawater temperature. As for the DEB model (Kooijman, 2010) , food uptake was modeled by a type-II Holling functional response, f. Feeding processes were therefore represented solely in terms of the ingestion and absorption of particulate organic matter (POM). The SFG model simulates the variation of three state variables: shell mass (SHELL), somatic mass (SOMA) and reserve-gonad mass (RESGON). These state variables and the other main variables of the model, as well as the model parameters, are presented in Table  1 . The initial values of the state variables were estimated by biometric and biochemical measurements as detailed in the previous paragraph. RESGON was estimated by adding together the amounts of lipids and carbohydrates, whereas SOMA, which we assumed to consist essentially of proteins, was calculated as the difference between the measure of dry tissue mass and the sum of lipid and carbohydrate masses (Méléder et al., 2001) . The simulated dry tissue mass (DTM) was calculated as the sum of SOMA plus RESGON.
Feeding processes
Organic ingestion (ING org ) was formulated with a maximal organic ingestion rate (Ing max ), a functional response (f) and somatic mass (SOMA). The relationship between ingestion and somatic mass is defined by an allometric coefficient (Mølhenberg and Riisgård, 1979) . The maximum ingestion rate per unit of somatic dry mass (Ing max = 22 mg POM h -1 g -1 ) was obtained from Barillé et al. (2003) . The scaled functional response, f (dimensionless), depends on food density X and the half saturation coefficient X k :
) with f= X/(X+X k )
The effect of temperature on the enzyme kinetics associated with feeding was integrated into the calculation of ingestion rates through the function ING temp :
This formulation is based on the C. gigas clearance rate model (Bougrier et al., 1995) , with 19°C as the optimum temperature (ing 2 ); ing 1 was specifically reformulated for this study. Seawater temperature is represented by the variable TEMP. The excretion of dissolved matter is ignored in this model, and absorbed organic matter is considered to be assimilated organic matter. Previous studies have demonstrated that absorption efficiency decreases with the dilution of organic matter by inorganic particles in bivalve digestive systems (Hawkins et al., 1986; Bayne et al., 1987) . In their study, Barillé et al. (1997b) used the organic fraction of C. gigas stomach contents to describe absorption efficiency. Here, we used a low value of absorption efficiency (ae=0.25), to account for this negative effect of inorganic matter. Finally, organic matter absorption was formulated as follows:
).
Metabolic costs
The metabolic costs associated with feeding, growth, reproduction and basal maintenance are estimated by the oxygen consumption model established by Bougrier et al. (1995) , which is dependent on temperature and is linked to SOMA by an allometric coefficient (br), based on the assumption that reserves and gonads do not require energy for maintenance (Van Haren and Kooijman, 1993) . However, studies on metabolic costs in C. gigas (Ropert and Goulletquer, 2000; Haure et al., 2003) have suggested that the formulation of Bougrier et al. (1995) significantly underestimates metabolic costs at high temperatures. We therefore corrected the original formulation with a two-parameter exponential function (Haure et al., 2008) . The mgO 2 pom parameter converts oxygen concentration into a mass of POM (Barillé et al., 1997a In SFG models, energy balance is the difference between the energy gained through feeding processes and metabolic costs. In the initial version of the model, the net production (ABSorg-RESP) was allocated to different compartments (Barillé et al., 1997a) . A fraction of energy was allocated first to the shell, then to the somatic compartment, until a maximum somatic growth was achieved. Finally, any excess energy was allocated to the reserve-gonad compartment. In the new formulation, we retained the allocation rules but took metabolic costs into account a posteriori, in either the somatic or the reserve-gonad compartment (Brylinsky and Sephton, 1991; Barillé, 1996) , as a function of gametogenesis, the key process in reproduction (Fig. 2 ). Outside periods of gametogenesis, metabolic costs are deducted from the reserve-gonad compartment and shell growth is kept maximal. In this case, daily energy budgets for the shell (SHELL GAIN), soma (SOMA GAIN) and reservesgonad (RESGON GAIN) compartments are calculated as follows:
The daily fraction of energy gain allocated to shell growth, represented by the parameter shellcoef = 5%, as proposed by Méléder et al. (2001) . If the energy acquired through feeding processes is not sufficient to cover metabolic costs (ABS org < RESP), shell growth stops (SHELL GAIN = 0). Maximal somatic growth (max SOMA ) was estimated from biometric and biochemical data for juvenile and adult oysters in Bourgneuf Bay in 2005 and 2006. Somatic variations were estimated from the difference between oyster dry tissue mass and the sum of lipid and carbohydrate masses. Below a somatic mass threshold of 1.5 g (sm), max SOMA was a linear function of somatic mass; above sm, max SOMA was constant. During periods of gametogenesis, metabolic costs are deducted from the soma and shell growth is reduced by 50 % (shellgam; Méléder et al., 2001) . In this case, energy allocation is modeled as follows:
) Biochemical analyses indicated that the reserve-gonad compartment was never totally empty, with this compartment always accounting for at least 20 % of the mass of the soma (Haure et al. 2008) . This value was used as a threshold (rgs1) when subtracting metabolic costs from the somatic compartment, whatever the status of the reproductive cycle.
Reproduction
The reproductive cycle of C. gigas closely follows seasonal variations in seawater temperature. In Bourgneuf Bay, Dutertre et al. (2009) showed that the onset of gamete maturation was associated with a threshold temperature of about 8°C. Histological analyses on farmed oysters also suggested that the ratio between reserves-gonads and soma did not exceed a mean value of 0.6 (Dutertre et al., 2009) . Gametogenesis periods were formulated in relation to these thresholds: tg is the minimal temperature for the triggering of gamete maturation whereas the second threshold (rgs 2 ) corresponds to the maximum filling of the gonad by gametes (Dutertre et al., 2009) . Gametogenesis thus occurs if TEMP > tg and (RESGON/SOMA)< rgs 2 .
In the model, spawning depends on two conditions: a temperature threshold, ts=18°C and a RESGON threshold, rgsp= 35%, based on a gonosomatic index (Pouvreau et al., 2006; Dutertre et al., 2009) . The mass of the reserve-gonad compartment lost by spawning (SP) was estimated from histological analyses (Dutertre et al., 2009 ) and found to be equivalent to a spawning intensity of 60% (cs):
Tissue recovery requires gametogenesis and energy allocation to the shell to stop after spawning (Méléder et al. 2001) . These post-spawning periods are included in the model through two time-lag parameters: tlg = 7 days and tlshell = 15 days (Méléder et al. 2001 ).
The DEB model
A detailed description of the validated Dynamic Energy Budget (DEB) model for C. gigas has been provided by Bourlès et al. (2009) , based on the DEB theory developed extensively by Kooijman (2010) . The general framework of the oyster-DEB model used, including the equations and DEB parameter values (Table 2) , were kept similar to those in the study by Bourlès et al. (2009) . We therefore provide only a brief outline of this model here.
The dynamics of growth and reproduction can be fully described by three differential equations describing the dynamics of the energy reserve, E, the dynamics of the energy allocated to structural body volume, E V , and the storage and use of energy allocated to development (complexity acquisition before sexual maturity) and reproduction, E R (Fig. 2) . Only the half-saturation coefficient X K is calibrated. Food uptake is assumed to follow a type-II Holling function response dependent on food density X (expressed in µg Chl-a L -1 or number of cells L -1 in this study) and to be proportional to the surface area of the structural body ) can therefore be written as . As a first approximation, the efficiency of absorption (κ A , dimensionless) is assumed to be constant, so the rate of energy assimilation becomes
Due to the energy conservation law, the dynamics of the reserve E can be written as
where denotes the energy consumed (fixed and dissipated) by the body tissues and is known as the catabolic power or utilization rate.
C p 
In DEB theory, a fixed fraction κ of the utilization rate, , is allocated to structural growth, which also accounts for maintenance
). Development or reproduction results from a balance between rest
and maturity maintenance, . The dynamics of the energy allocated to structural body volume E V and to development or reproduction E R can therefore be expressed as
The induction of spawning is dependent on gonado-somatic index (GI, %), defined as the ratio of gonad mass to total flesh mass, and a minimal temperature threshold, T S . When these two thresholds are reached, the reproductive buffer E R is totally emptied.
Physiological rates (i.e. assimilation, maintenance, structural growth) depend on body temperature through an Arrhenius relationship within the species-specific tolerance range for temperature (e.g. van der Meer 2006 , Kooijman 2010 . Outside the boundaries of speciesspecific temperature tolerance, the extensive Arrhenius relationship becomes:
where is the value of the physiological rate at ambient temperature T (in K), is the value of the physiological rate at a chosen reference temperature T 1 , T L and T H are the lower and upper boundaries of the tolerance range, respectively, T A is the so-called Arrhenius temperature (in K) and T AL and T AH are the Arrhenius temperatures (in K) for the rate of decrease at the two boundaries.
The state variables, expressed in energy, are converted into mass according to specific relationships (see Pouvreau et al. 2006) . The structural volume density, , is 1 g cm 
where denotes the volume-specific cost for growth (J cm -3 ), a constant for structural mass including all types of overheads, and not only the costs of biosynthesis.
] [ G E
Total length L is calculated with the shape coefficient δ V and structural body volume (V, cm 3 ), as follows:
The SFG and DEB models differ markedly in their approaches (van der Meer, 2006 (van der Meer, , 2009 Lika and Kooijman, this issue) ; the body size scaling relationships are a good example of 2.3. Model simulations in STELLA 9.0.3 software, with daily time teps. Simulations were conducted with food densities expressed in chlorophyll a these differences. However, the model versions compared in this study share some common features. The main differences and similarities between the two models regarding key physiological processes are therefore synthesized in Table 3 (see also Fig. 2) .
The SFG and DEB models were implemented s concentration (µg L ). The half saturation coefficient Xk, used in both the SFG and DEB models, was fitted freely for each index of food availability. For each simulation, growth, expressed in dry tissue mass (DTM) was compared with the observed data. The coefficient of determination (r 2 ) was calculated to assess the quality of the simulation for each model. Sigmastat 3.1 (Systat software) was used to check the normality and heteroscedasticity of data distributions, and for subsequent statistical analyses. Growth data were analyzed by two-way ANOVA according to two factors, temporal variations of environmental factors and sites,. Student-Newman-Keuls (SNK) tests were used, when appropriate, in a posteriori analyses. Relationships between environmental factors at each site were determined by carrying out Spearman's rank correlation tests (Conover 1999).
. Results 3 3.1. Forcing variables temperature followed a seasonal pattern typical of a northern mperate ecosystem, with no significant variation between sites and years ( Fig. 3a, two-way Variations in seawater te ANOVA, p= 0.95 and p= 0.77, respectively). However, seawater temperature frequently varied more markedly at the HT than at the IT site. SPM concentrations were significantly higher at the HT site than at the IT site (Fig. 3b, two- , n = 365). Chlorophyll a concentrations were also significantly higher at the HT than at the IT site (Fig. 3c, two- (Fig. 3d) . In 2006, the period of rise was shorter (two months vs four months in 2005) with two major peaks of cell concentration in April and May. A significant correlation was observed between the microalgal and chlorophyll a concentrations at the IT site (Spearman test, r = 0.26, p <0.01); at the HT site, the r value for this correlation was low (r= 0.11) and less significantly significant (p < 0.05).
Growth of C. gigas in Bourgneuf Bay
ield oyster DTM differed significantly between sites and years (Fig. 4, two-way ANOVA, 
Growth simulations
ll the simulations obtained with the DEB model, using chlorophyll a as an index of food ith the use of phytoplankton concentration as a proxy for food availability, the simulations of A availability, followed a similar pattern (Fig. 4) (Fig. 4) . In 2005, the simulated DTM values underestimated growth after spawning at the IT site (Fig. 4a) . In 2006, simulated DTM values closely matched observations ( Fig. 4b; Table 4 ). At the HT site, the SFG model correctly simulated spring growth, but overestimated post-spawning DTM values, although this overestimation was less pronounced than that with the DEB model ( Fig. 4c and  d 
Discussion
The northern and southern oyster-farming areas of Bourgneuf Bay are only 15 km apart, but ey differ markedly in terms of the quantity and quality of SPM. These differences relate to et modeling studies on C. gigas, phytoplankton concentration as been shown to be a better quantifier of food levels than chlorophyll a concentration for th differences in the type of sediment, because the fine mud particles of the HT site are more readily resuspended by the action of the tide or the wind than the coarser particles present at the IT site (Hinch et al., 1986) . The hydrological features of the HT site are strongly influenced by semi-diurnal tidal cycles, with a much greater range of SPM and chlorophyll a concentrations than the IT site. Daily variations are equivalent to the annual range and are superimposed on seasonal events, such as phytoplankton blooms. Indeed, at this site, the daily resuspension of an abundant microphytobenthos biomass and of sediment makes a significant contribution to variations in chlorophyll a concentration in the water column. This accounts for the strong correlation with the seston load, as observed in turbid macrotidal systems (Barillé et al., 1997b) .
In recent dynamic energy budg h the simulation of oyster growth (Bourlès et al., 2009; Grangeré et al., 2009) . Unfortunately, phytoplankton concentration measurements were not available for the oyster-growing IT and HT sites studied in this experiment. We therefore recovered data for a third site (LT) at the entrance of the bay that is under neritic influence and shows marked temporal patterns. The IT site displayed seasonal variations of chlorophyll a concentration similar to the variations in microalgal concentration at the LT site. Moreover, the correlation between chlorophyll a and phytoplankton concentrations was strongest at the IT site. This suggests that cells counts at the entrance of the bay were probably more representative of food availability at the IT site than at the HT site. However, recent data from 2010 showed that the phytoplankton composition below the surface at high tide did not differ significantly between the LT and HT sites (Pouvreau, unpublished data) . This may account for the satisfactory simulations of the DEB model at the HT site and would suggest that microphytobenthos has a minor contribution to oyster growth. Nevertheless, discrete samples collected during tidal cycles at the level of oyster racks revealed that benthic diatom species accounted for one third of the cells (Barillé, unpublished data) . The role of resuspended microphytobenthos should be further studied in this high turbidity site. As in previous studies, the DEB model simulated oyster dry tissue mass in Bourgneuf Bay more accurately when phytoplankton concentration was used as the index of food availability than when chlorophyll a was used. The SFG model was less efficient with phytoplankton concentrations used as an index of food availability, with the poorest simulations obtained in 2005, at both sites. The underestimation of oyster growth from July onwards corresponded to a lack of food, as indicated by the cells counts. The relevance of this forcing variable remains a matter of debate, particularly for the HT site, but this suggests that the reserve-gonad compartment of the SFG may not buffer natural food variability sufficiently, compared to the role played by the reserve compartment for the DEB. By contrast, the SFG model was more efficient when chlorophyll a was used as the food proxy, with DEB systematically overestimating the summer and autumn growth of C. gigas. This overestimation may be due to a low food quality in autumn when the pool of suspended organic matter is characterized by a higher detritic fraction. The transformation of chlorophyll a concentration into carbon concentration using a Chl a:C ratio with seasonal variations could probably improve the simulations of oyster growth during this period (Grangeré et al., 2009 ). The formulation of the effect of temperature for each model may also explain these discrepancies (Table 3 ). In the temperature range observed in our study (3-24°C), the feeding processes in the DEB model are related to temperature by an exponential relationship, while the SFG model has an optimum value of 19°C. During summer, more energy is therefore available for growth after spawning with the DEB formulation, through food acquisition.
The half-saturation coefficient X k accounted for the effect of inedible particles (silt) on his comparison of the simulations generated by two models suggests that both models ingestion by C. gigas in Bourgneuf Bay. For both food proxies and modeling approaches, X k values were lower under conditions of moderate turbidity (i.e. for the IT site, see the Results section) than in a highly turbid environment, indicating a higher food quality and/or a lesser effect of inedible particles on the filtration and ingestion processes of C. gigas at the IT site than at the HT site. This result confirms previous observations and conclusions for X k , which is considered to be an environment-specific parameter in DEB approaches incorporating variability (and uncertainties) in food quality and/or availability for various bivalve species (e.g. Pouvreau et al. 2006; Bernard et al. submitted, this issue; Alunno-Bruscia et al. submitted, this issue; Filgueira et al., this issue; Wijsman et al., this issue ). An alternative approach to accounting for the effect of inedible particles on the filtration process of C. gigas would involve explicitly including the role of silt (or inedible particles), as proposed by Kooijman (2006) , through the introduction of a module for pseudofeces production (see Ren (2009) for application to Perna canaliculus). Food sources and selection efficiency are often evoked to account for discrepancies between observed and simulated dry tissue mass in filter-feeders, but the whole reproductive cycle (i.e. storage, gametogenesis, time of spawning and reproductive output) may also play a role. This cycle involves complex processes requiring careful formalization for implementation in a model. We simplified the reproduction process, by using the same reproductive processes as Bourlès et al. (2009) for the DEB model and as Barillé et al. (1997a) (this issue) referred to discrepancies in water composition between the sites at which the oysters were reared and the site for which phytoplankton data were available. The SFG model was deliberately made much simpler than the initial version (Barillé et al., 1997a) , with the number of variables reduced from 36 to 25, and the number of parameters from 34 to 22. However, this simplification affected most of the formulations involving negative effects of PIM on feeding processes, and a compromise must certainly be found between overparametrization and realism (Beck, 1987) . Variations in SPM concentrations greatly influence the quality of the food available to filter-feeding bivalves (Widdows et al., 1979; Bayne et al., 1989) . Seston load at the HT site frequently exceeded the physiological thresholds for the cessation of filtration (192 mg.L -1 ) and pre-ingestive selection (150 mg.L -1 ), determined for C. gigas (Barillé et al., 1997b) . Pre-ingestive feeding mechanisms are fundamental for C. gigas living in high-turbidity environments (Dutertre et al., 2007; Beninger et al., 2008) and should be considered in bivalve ecophysiological models. Even with these improvements, the SFG model clearly remains an empirical model and some of the formulations proposed in this study, such as the maximum somatic growth or post-spawning time-lag processes, already proposed in an earlier SFG mussel model (Brylinsky and Sephton, 1991; Scholten and Smaal, 1998) , are probably species-and site-specific. The formulation of energy allocation, modified from that of Brylinsky and Sephton (1991) , is clearly more elegant than the net production calculation, but respiration is still interpreted simply as losses (e.g. van der Meer 2009, Lika and Kooijman in press -this issue).
Despite their weaknesses, both the SFG and DEB models may prove useful as management Barillé, L., Haure, J., Pales-Espinosa, E., Morançais, M., 2003 Figures   Fig. 1 . Location of the sampling sites in Bourgneuf Bay. Chlorophyll a concentrations were determined and oysters were sampled for biometric measurements at the northern highturbidity (La Coupelasse) and southern intermediate-turbidity (Graisselous) sites. Microalgal identification and concentration data were available for a low-turbidity site in the west of the bay (Bois de la Chaise).
Microalgal concentration Fig. 2 . Conceptual diagrams of the Scope for Growth and Dynamic Energy Budget models for the Pacific oyster, modified from Barillé et al. (1997a) . Forcing variables are shown in the ellipsis while state variables are in the gray boxes.. 
